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Effect of Three Dimensional Culture of Porcine Endometrial Cells on Their
Plasminogen Activity and Pre-implantation Embryo Development after Co-culture
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Chuncheon 200-701, Korea
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ABSTRACT

Three-dimensional (3D) culture system is useful technique for study of in vivo environment and it was used various

experiments. This study was investigated to establish of embryo co-culture system and changes of PAs activity in 3D

cultured endometrial cells of pigs. In results, growth of stromal cells into gel matrix were detected only with endometrial

and myometrial cells. The most rapid growth of stromal cells were confirmed in 2.5x10° cells/ml and gel matrix
containing 15% FBS. Expression of urokinase-PA (uPA) after treatment of hCG (0.5, 1.0, 1.5 and 2.0 IU/ml) were
higher than without hCG, but, there are not significant difference among the treatment. On the other hand, expression
of uPA after treatment of IL-1$3 (0.1, 1, 10 and 100 ng/ml) were higher than without IL-1[3, but, there are not significant
difference. Expression of uPA after treatment of estrogen (0.2, 2, 20 and 200 ng/ml) were not difference, but PA

activity was significantly decreased (p<0.05). Blastocyst was producing in PZM-3 medium containing FBS and

endometrial cells were grown in PZM-3 medium. When embryos development with cultured endometrial cells, cleavage

rates were not significant difference and blastocyst were not produced in co-culture with stromal cells and 3D culture

system. 3D culture system had similar activity to in vivo tissue and these features are very useful for study of in vivo

physiology. Nevertheless 3D culture system was not proper in embryo co-culture system. Therefore, we suggest that

3D culture system with embryo co-culture need continuous research.
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ol83t AA S A Nute] 2] 7] 3K(lutealization) 2} 3FTH(Fa-
dhillah -, 2014; Sugino, 2014).

Plasminogen activators(PAs)= H] &4 plasminogens &4
plasmin® 2 A A7) = serined] T A B 4L Z A, uro-
kinase-type PA(uPA)9} tissue-type PA(tPA)E T T
Makarova =, 2011; Asuthkar 5, 2013). 99508 I HEE
o AolA PAsE AdH24 &3] 2 (Leibundgut 5, 2012; Luc-
king 5, 2013; Takabayashi %, 2013)3} &3 XA 2H8(Teng

5, 2012; Yip 5, 2013) 2 A gH 9L F3P3iuh
53|, uPA= A E2] 7]Z(Extracellular matrix) &3 28 %
A3 2] o] Foll ¥edstH(Carriero &, 2011), o] # 3 5ol w
g ERHFEY AFAAE A AEE o)FFH T3 AFA
of & vA, BA F71o wWE Ao At B Fe st
2 W3ls fE3Th(Bazer, 2013). ©12]3 PASt ZHFE A}

Fe] A td A7 AFHKoh &, 1992; EstelleA %,
2003), #(Sappino 5, 1989) ¥ A (Tanikawa 5, 2009) 5l 4]
st A7t o] FAR L YA, HAAAE I A7} T
m) & A olrh

AA We] WstE gotEr] 3] 22kl Al vk Al=d)
< FEstd AE 712E Atste BHES gol AREske,
olelg WS Mxe] g FA0 8 1% Alxe| FRI}
el A o] Ao 7153
JolHATHE ©o] ok g MEs X
714 :1L7\9} A A FFHO A2 A
= W, 23k Al wie AAE
extracellular matrlx(ECM) TZ7F gl 9Y S22 AlEst
237438t7] Wil in vivooll A doluke AlE o] ekl 7] %
A7) dEUE B7F Jth(White 5, 2014). AM
AHASZ AF3h= in vivo assay= J33F AE
ARG, Aolgl= A e 2F S o8
el AlgkA o)y, g A Zzho]
Atk wEtA ol g FAIHE 25t -roH
9] 712 & ol&st AMEE 7=
3 Jti(Ip$} Darcy, 1996).
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Table 1. Medium condition for in vitro culture of porcine embryo

Medium Treatment ratio

PZM-3 10 7 5 0
'PZM-3 : 2D/F-12

D/F-12 0 3 5 10

' PZM-3: Porcine zygote medium-3.
2 D/F-12: Dulbecco’s modified Eagle’s medium/nutrient mix-
ture F-12 ham.

Table 2. Medium conditions by different FBS concentrations for
in vitro culture of porcine embryo

Medium Concentrations of FBS (%)
'TCM-199 0 2.5 5 10
TCM-199+hypotaurine 0 2.5 5 10
*PZM-3 0 2.5 5 10

' TCM-199: Tissue culture medium-199.
2 PZM-3: Porcine zygote medium-3.

ZE NE2SOE NG § WAE ol&3te] A5 WtellA A

=S FolUAth 1 t¥ Dulbecco's Modified Eagle's Medi-
um(DMEM, Invitrogen, USA)oll 3|53t & collagenase V&
66 Uml®] 552 ﬂﬂﬁ}‘ﬂ 18 w71 A wl FEFATHI b,
38T, 120 rpm). ¥l % % cell strainer(SPL, Korea)E ©]-&3}]
Al T QAEE (S min, 1,200 rpm)dte] A=HS A A
H Tris-NH,E ©]-8-3te 89 &5 A A3, HBSSE Al
3} 10% FBS(Invitrogen, USA), 0.2% amphotericin B} 0.5
% Antibiotic-Antimycotic(ABAM, Invitrogen, USA)S X3t
DMEM 3 Ham’s F-127} 1:12 4191 D/F12 (Invitrogen, USA)
Wi FE o] &3l 38, 5% CO, 7l Al vl a3l o, 48417+
aioh v S WA B

3. Atz W Mzl 3XHA Bk
ANHoZE A28 71dE 7] 93t Collagen gel(Cell
matrix type I, Nitta gelatin, Japan), FBSE X &3t 5ul 2 55
¥ D/F-12(5xD/F-12) % buffer(0.05 N NaOH, 2.2% NaHCO;,
200 mM HEPES)E 7:2:1¢] H|&& &334 gel solutions ¥
E90mW, AT gel solutionS dish HlEhel] 7 & 37T
Al 308 EF T FLE 7]3?% HEoFAT 2
2 vl FE AF W HEd N EZE 0.25% trypsin-EDTAE
A2 5 38°ColA 477t HHOko}oq AEE 3gste] dHE
2] ¥ DMEMO.Z A &3tk 11 F trypan blueg ©]£3}4]
dl 3

HNE 5 43 5 gel solution?} 33}, vg] £H|E 7]
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A% g0 BF3te] vhE 324 gel matrixE 38T, 5% CO,
Ze0A 1047 vl gFsanh 2Hd Al Z 9} v R R 0.25%
trypsin-EDTAS X 2] 5te] 4] A EE 3|53 5 3% 10° cells/
ml9 %—Ei 32+ gel matrix 1l &
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ATt HAds FA= 10% porcine follicle fluid(pFF), 1% hCG,
0.1% FSH, LH 2 epidermal growth factor(EGF)S X3g3h
Tissue Culture Medium-199(TCM-199, Invitrogen, USA) HlJ %
NG o]&3le] 385C, 5% CO, A 22417 5 A
¥ 3 10% pFFS} 0.1% EGFS %33 TCM-199 Hj %<l

a e Ao Z 22A17F Fot v sk

s Mg T I AE7E 238 Jd2b= 0.1% hyaluroni-
daseE A g & A+ vt 2 mg/ml BSA7} E3HE
mTBM v el 50 ul 2402 $Ath F4o ALS s oo
1,500 rpmol Al SEZF Q4lEe] & A5 AS A AR H,
Modena BE ©] &3} 23] Al #3193, 4 mg/ml caffeine®] %
7}e mTBM i ¥alol] 6 x 10° sperms/ml2] FE 2 32 &lo]
d27 e A 50 pl¥ BFEste] 38.5C, 5% CO, 27l
A 6AIZE &k vl ekl

A LlFA 6A1ZF T -1‘7‘45‘ 2] gt MG S A
A ¥ 3 mg/ml BSA7} #71¥ Porcine Zygote Medium-3
(PZM-3) ¥l ke 100 pl 2802 74 48A17F wj kst x, 1
T 2 A AR ALgu e v FN 2 A 4-well dish
oA 168A17F FF vk = ETE vivtx I ES E

s,

O

tlo 4y

5. RT-PCR
HlkE 2g U=t A ZZHE RNAS FZE317] 918 RNAiso
plus(TAKARA, Japan)< 400 pl& *g|3te] 50% F<t wutst

Table 3. Primer conditions of PCR

#2]3}+4] isopropyl alcoholS 200 ul 783, tfA] 5+
aHkE 5] 4T, 12,000 rpm ZA 3lell 108 9k A4 EE
e HE AAS L T APAANA AZ3 AT FE
£ DEPC-DW$} £33+ 5] Nano drop 200(Thermo, USA)S

o] &3}e] 738}l 3, Maxime RT Premix(Intronbio, Korea)<
o] &3lo] cDNAZ A3 A E cDNAE uPA 2 tPA
2} GAPDH® 3} primer(Table 3)E ©]-8-3}o] FZA|Z] o0,
ZZ 3 4HE2 Ethidium bromide(EtBr, Bioneer, Korea)s 323
e 2% Agarose gels AH&3te] A7|PFoE EI5HA

PA 48 A3 Y5t Rasl £ ME3 standard
bufferE 96-well microplate®l] 4] plasminogen working solution
(Sigma, USA)¥} 37| 38 Cell A 1A1ZF F<t v Fstsieh. 1 &
substrate buffer[0.18 mM Z-L-LYS-SBzl hydrochloride, 0.22
mM 5,5’-ditho-bis(2-nitrobenxoic acid), 0.01% Triton-X100,
Sigma, USA]Z A71&te] 38TlA 1A17F FoF vigst
microplate readerE ©]&3}e] 405 nm FHNAM FHEE =

sl

7. 84 HMe|

AFoA dojx A= SAS 9.2& ol &3te] HA FoAt
7 (Least Significant Different test; LSD test)3} General Linear
model(GLM)S % -&-3}4] Duncan®] multiple range testoll ©]3}
o] FoAH(P<0.05)E AA3FATH

2 o

1. Atz W2 MESl 55Xl 3t Hi Y 7_<|
EEA A7 W A2 33k g AA
ato] Abg- Wit 243 Al E(Fig. 1) B <5 233 A XE(Fig.
2)E 32k wi ek ]74]01] olgatart Wi = 7Y B 149 o
goldt A3 Yoz (Fig. 1 A, B, D, E) ¥ &= X34 (Fig.
2 A, B, D, E) ¥} 3} 9 w, gel solution 2. F A|x7} =2}

Gene Primer sequence Product size (bp) Tem. (C) Cycles
F:CCTACAAGTACTTCTC
uPA 460 55 45
R:GCAAACCAAGGCTGGTTTCTC
F:TCGGAGTGAACGGATTTG
GAPDH 200 59 30

R:CCTGGAAGAGATGGTGATGG




A AF Mz 33 #lFo] Plasminogen 43 3 ol nX= G 211

Mass Smear

14 days

Endometrium

Fig. 1. The morphology of porcine endometrial tissue mass (A, D), endometrial tissue smear (B, E), endometrial tissue with collagenase
IV (C, F) into three dimensional collagen gel (green arrow: tissue mass; blue arrow: matrix gel; yellow arrow: stromal cell; scale
bar: 200 pm).

Mass Smear Collagenase IV

Myometrium

Fig. 2. The morphology of myometrial tissue mass (A, D), myometrial tissue smear (B, E) and myometrial tissue with collagenase |V
(C, F) into three dimensional collagen gel (green arrow: tissue mass; blue arrow: matrix gel; yellow arrow: stromal cell; scale

bar: 200 pm).

A ersroh, ujet 24 2 2Eel AR AEFig 1 CF  OiFig 3). ¥ A3E ale) 2Hu0 A E7} 33 vl A

S} Fig. 2 C, )& o] &3t31E o, gel solution ol A 7+ Al AE &ysted o Agsivhe 2As gQlsiiith b2l =® 3
27} e AE glEon, ol vk Axe o 2 vkl A 223 F¥eh] et 7] vE v e
27 gel solution ol A HAE 02 A3 = AL 8239 o] 7+ M E(Fig. 4 o2 gel solution 27 (Fig. 5)& °]&

Concentrations of stromal cell (cells/ml)
2.5 x 10° 5 = 10° 7.5 % 10° 10 * 10°

Culture periods (Day)

Fig. 3. The morphology of porcine uterine stromal cell in three-dimensional culture according to different cell concentration (yellow circle:
stromal cells; scale bar: 200 pm).
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Treatments

10% FBS

10% FBS + CaClz

E 3 =

15% FBS 15% FBS + CaClz

-

Fig. 4. Comparison of porcine uterine stromal cells growth in three-dimensional culture according to different gel condition (yellow circle:

stromal cells. scale bar: 200 pm).

stk 1 A3 2.5 x 10° cells/mle] A X grolA 7HE &
o] Al AL A, 15% FBSE £33 gel solution
oA 2+d AxE7E o A st L@ 71 Mg = 3

= AL FA3 T 3HA T gel solution W] CaCl, H7t= Al
X 38 JFE AR FUrh B AAE Tk HH 9] 3
ke wek AAE et

2. 3XHY HHQYE Kbz LH M ZQ| Ql9(FQl Y T £H
3 e A W AlEe] S =4

hCG$} IL-1BE A2 3le] uPA mRNAS] 2& W3S g9ls)

Atk ME T8 T hCGE AT A3, FoFQl Aol

Holx grkA|gh FI-o]EH 02 yPA mRNAS T&do] 7}

e RS Fols A thFig. 6 A). E3 IL-1BE A2 sdS

+ uPA mRNA®| W@ o] fo]F Aol HolA] kot

thztol Hlste] WARS FUHek L, IL-1B9] B =71 S7F
&5 uPA mRNA7F 7H48k A th(Fig. 6 B). @k 3k wl

A A7 AL AN B4 2L AAA hCGHE A
e AS FgoletAh 3 Aoz 2F A7 S
(A) hCG concentration (1U/ml) (8) IL-1B concentration (ng/mi)
D Sl o o1 1 10 100
PA

_ 5
i3 s
Pa £2
i3 £2
2 s
0 0.5 1.0 15 2.0 0 01 1 10 100

hCG concentrations (IU/ml)

Fig. 6. Effects of concentration of hCG (A) and IL-18 (B) on
expression of urokinase-type PA (uPA) and @-actin in
porcine three-dimensional cultured uterine cells.

IL-1p concentrations (ng/ml)

Fig. 5. Morphology of two dimensional cultured porcine uterus epithelial (A

) cells and stromal cells in the three dimensional

), stromal (
culture system (C: 0 days; D: 1 days; E: 5 days; F: 7 days) (yeIIow arrow: stromal cells; scale bar: 200 pm).
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THE7] $8l B, & A28kl uPA mRNA(Fig. 7)¢F PA activity

(Fig. 8)Z <13 A3}, uPA mRNAS 2& 32 W3yt ¢l

S}, PA activity= E; A 272, 20, 200 ng/ml)ol A 24
Aaste AS FRA1sHATHP<0.05).

3. 3AFY HIQYE Xt LS M ZEL} EfX| SH2O| 3 HIQY
7'(-||74| ?.I—E'_I

32 vk AT AlEe

o A ghe] o) 7?%?;1 ul) oF el &

Hl| ol o] PZM-3 8} A Hj 9kl 9] D/F-12

s Uﬂ BEE AFAA 28E fFoHd Aol=

2 PZM-3%7F o] &3k vz tol At uiytE A

ol Tt TCM-199¢}F 3H4F3kAl 91 hypotaurine S

TCM-199 ujkeloll FBSE 7late] A3 A3 o]
O BIES FFEHAAT, BE e Foll A vk

8ol 3} ti(Fig. 9). PZM-3 Hj &l oj
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17p-estradiol concentration (ng/mi)
20 200

1l

17B-estradiol concentrations (ng/ml)

Relative mRMA expression
(uPA/B-actin)

Fig. 7. Effects of 17 5-estradiol (E;) on expression of urokinase-type
PA (uPA) mRNA in three-dimensional culture.

a
i ab
J I b b
I I c
] 200

B 2
17p-estradiol concentration (ng/mil)

PAs activity : relative value

Fig. 8. Effects of exposure to different concentration of 17 B-estradiol
(E2) on plasminogen activators (PAs) activity in porcine uterine
three-dimensional culture (p<0.05).

213

_,d
0
Ho
2
=)
FTF
of
ogt

W Cleavage

 Blastocyst

Embrye development (%)
&

G100 307 505 1000 o 15 5 1 ] 15 s 1

D/F12 + FB5 : PZM-3 + BSA TCM199* + FBS (%) TCM199** + hypotaurine + FBS (%)

Fig. 9. Comparison of cleavage rate according to different medium
condition on porcine embryo development after 168 h of
in vitro fertilization.

o2 55X FBSE F7teted AL&-gk A (Table 4), EES
o2 2ol g HeolA] YA FBSS H71ehA oF2 thxT
A wiukE P Eo] FYHOZ A YEFEOH(P< 0.05),

10% FBSE 7Kgk Agelx Fojdez v yebstt

(P<0.05). FA T HES I F PZM-3E ©]§-F w4
ol A Mzl A4S ER1s AF(Fig. 10), v 14 &= =
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Table 4. Comparison of cleavage rate according to FBS rate of PZM-3 on porcine embryo development after 168h of in vitro fertilization

No. of embryo developed to (%)

Culture types  No. of oocytes Cleavage (%)

2~8 cell

16 cell-morula

Blastocyst

A 179 159 (88.8 + 4.8)
B 189 150 (79.4 + 3.1)
C 162 131 (80.9 + 2.7)
D 191 166 (86.9 + 2.4)

37 (20.7 + 4.7)
56 (29.6 + 1.3)
26 (25.3 + 5.4)
71 (37.2 + 5.1)

104 (58.1 + 4.9)
86 (45.5 + 1.3)
65 (50.6 + 8.4)
93 (48.7 + 4.6)

18 (10.1 + 1.6)*
8 (42 + 0.9)™
6 (4.9 + 0.6)°
2 (1.0 = 0.6

Means + SEM are presented.

a4 Values with different super scripts in the same column were significantly different.

A: PZM-3 + 0.3% BSA, B: PZM-3 + 0.3% BSA containing 2.5% FBS, C: PZM-3 + 0.3% BSA containing

+ 0.3% BSA containing 10% FBS, n=3.

Concentration of FBS (%)

2.5

[

Culture time (day)

[FF]

5

5% FBS, D: PZM-3

Fig. 10. The morphology of porcine endometrial cells in different medium condition of PZM-3 containing FBS (scale bar=300 um).
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Table 5. Comparison of cleavage rate according to different culture condition using established 2.5 % FBS medium on porcine embryo

development after 168h of in vitro fertilization

No. of embryo developed to (%)

Culture types  No. of oocytes Cleavage (%)

2~8 cell 16 cell-morula Blastocyst
A 176 163 (91.8 + 2.2) 71 (403 £ 7.4) 75 (42.6 + 9.8) 17 (9.7 = 1.6)"
B 193 159 (83.6 = 4.6) 62 (32.1 £ 7.8) 91 (47.2 + 10.0) 6 (3.1 £ 1.4)°
C 204 176 (80.6 + 1.2) 102 (48.0 £ 7.6) 74 (32.5 £ 6.9) 0 (0.0 £ 0.0)°
D 181 148 (80.3 = 4.4) 106 (57.81 + 1.2) 42 225 £ 74) 0 (0.0 £ 0.0)°

Means = SEM are presented.

4 Values with different super scripts in the same column were significantly different.
A: IVC with drop culture, B: IVC with porcine uterine epithelial cells, C: IVC with stromal cells, D: IVC with 3D culture system,

ZaskeE AS st AThFig. 6).
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